The treatments of AOS have been debated since the late 1960s. Despite a considerable amount of study of intervention approaches to AOS, the effectiveness and efficacy of the treatment of AOS is still unclear. This study investigates the effect of motor learning guided (MLG) approach on individuals with AOS. Two individuals with AOS whose severity ranged from mild to moderate participated in this study. Two sets (each 20 utterance) of stimuli were created (based on high functionality) by the participants and their primary care-givers. Subjects were instructed to produce the target word three times with 4-second pause between each attempt. After 3 attempts, the experimenter provided knowledge of results (KR). Each target word was randomly selected from the written stimulus cards. The results showed that the mean scores of all the subjects increased during the sessions and this effect was transferred to the untrained target words. 
Introduction
Apraxia of speech (AOS) has been described principally as being motoric. Evidence from many empirical studies has supported the concept that AOS is phonetic-motoric based disorder. [1] [2] [3] The treatments of AOS have been debated since the late 1960s. 1, 4, 5 Despite a considerable amount of study of intervention approaches to AOS, the effectiveness and efficacy of the treatment of AOS is still unclear. 6 Schmidt and Bjork 7 introduced a theory of motor learning. They suggested that the traditional methods to motor learning (e.g., massed practice, blocked practice, high frequency feedback) may not be very effective for motor acquisition. However, in recent researches, Schmidt and colleagues reported that random practice order and different levels of reduced frequency feedback improved motor learning although it slowed the rate of motor learning acquisition. [8] [9] [10] Feedback is one of the most important parameters in motor skill learning. 11 Particularly, knowledge of results (KR) has been considered an effective feedback on motor learning. KR is the summary information about the performance of the individual after he/she has completed the task. It is general information about the performance According to Schmidt and Bjork, 7 random practice was specifically effective on retention than on acquisition when the learner practiced under the two different practice conditions. That is, the performance under random practice was more accurate on retention than on acquisition measures. 15 Knock et al. 16 investigated the effects of blocked versus random practice on speech production skills in AOS. This study revealed that random practice was more effective than blocked practice on retention Table 1 ).
The therapy sessions for the above 2 patients started in 
2) Procedures
The therapy session was operated in a speech and voice therapy clinic at the Dan-Kook University Medical Center.
Each MLG treatment session was conducted with random order of target stimuli. Two sets (each 20 utterance) of stimuli were created (based on high functionality) by the participants and their primary care-givers. One set of stimuli was used for treatment session and the other was used for measurement of untrained targets.
An 11-point multidimensional scoring system was used to score produced target utterances (Table 2) . Subjects were seated comfortably at a table with the experimenter.
Subjects produced 20 target stimuli without assistance.
Based on an 11-point multidimensional scoring system, produced utterances were scored and used as a baseline.
The experimenter then produced each target word as a model and the target word was elicited from a written stimulus card in random order. Subjects were then instructed to produce the target word three times with 4-second pause between each attempt. After 3 attempts, the experimenter provided knowledge of results (KR).
Each target word was randomly selected from written stimulus cards. All subjects produced each target word three times with 4-second pause between each attempt.
The experimenter provided KR for all target stimuli after three attempts of each target word. The feedback comments were generated; extreme positive, negative, and some place in the middle (that's good, that's not bad, and I know it is really hard). The experimenter practiced three feedback comments until these were natural and consistent (e.g., inflection and tone).
After the first baseline session, the subjects had 12 therapy sessions. Collecting retention data occurred in the beginning of each treatment session. Therapy sessions occurred three times per week. After each treatment session, subjects returned to the clinic and reproduced the previously practiced target utterances when the written stimulus cards were provided. All produced the target stimuli without assistance were scored and recorded. So, the acquired speech production in the beginning of the each treatment session was used for the performance of the retention phase. No feedback was provided during these retention phases. Fig. 1 , the mean score of each retention probe increased from 6.5 to 9 points. Especially, after three weeks, his productions of target utterances were accelerated until 9.0 point and stabilized at 8.6 point out of 11 points. By the end of the therapy session, his productions of the target utterances remained at a steady 8.6 point. Also, the squares illustrated that the mean score of the untrained targets on each third session increased from 6.6 to 8.1 points. This indicated that the effect of MLG training transferred to untrained target stimuli. In the therapy sessions of participant 2, the mean scores of each retention probe increased steadily from 6.9 to 10.25 
3) Results

Discussion
The results of the treatment showed that the two participants improved their speech productions with MLG approach. The improvement of their speech was effective not only for trained target utterances, but also for untrained target utterances. The treatment approach was more effective for participant 2 who had a mild apraxia of speech (AOS). The current investigation recommends the potential benefits of using motor learning theory based approach. The combination of reduced frequent feedback and random practice was effective in improving speech productions in both of the participants. The result of this investigation is consistent with some of the motor learning based AOS treatment studies. 16, 18, 19 This treatment approach is useful but it has its limitation. That is, the current investigation used a modified single subject baseline design with a lack of stable baseline phases. This study did not perform follow-up sessions after retention probes even though we assume that the effect of the treatment may transfers to longer retention phases. In this study, both used treated target utterances and untreated target utterances share similar linguistic complexity although this study was not intended to test this speculation. Based on previous research in motor learning, more complex stimuli can be more transferable to novel stimuli. 19, 20 However, the findings were not consistent with those of Hula et al. 18 They found that the effects of the feedback variables (reduced or delayed KR) could not override complex stimuli for some participants with AOS. That is, some participants showed a better performance on less complex words regardless of manipulation of feedback types. This issue may need to be investigated in the future.
The use of manipulation of motor learning parameters is useful because of clinically functional benefits. However, much remains to be learned how this manipulation works on motor learning skills, although there have been some explanations. 8 In summary, meaningful effects were observed not only in individual treatment sessions, but in social, group contexts as well. For example, participant 1 stated "I was able to correctly pronounce after having time to remember correct pronunciation through the experimenter's feedback." He also said. "I was able to say a sentence faster", "I was happy because my wife told me that my pronunciation was great". A further study needs to expend to larger sample sizes, longer therapy periods, a longer transfer effect, and a better study design. In conclusion, the data from the current study suggest that the manipulation of motor learning parameters is an effective treatment approach for individuals with apraxia
